We have developed a method to rapidly measure the switching current of a Josephson tunnel junction with low critical current. Measuring at low critical current presents a problem for fast measurement because the rise time of the voltage at the top of the cryostat is ultimately set by the time needed to charge the lead capacitance with a very small current. Cold amplifiers mounted close to the junction can be used to reduce the input capacitance, but this technique presents other problems and is not simple to implement.
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We have studied small SQUIDs, so that the critical current could be tuned with an external magnetic field. We bias the SQUID through a resistor with a pulse shape shown in fig. 1a . The leading "switch pulse" is very rapid, and is followed by a much longer "hold pulse". The bias resistor is chosen so that the hold pulse biases the junction at a voltage well below the gap. The amplitude of the hold pulse is adjusted so that the hold pulse itself will not switch the junction. The voltage across the junction, as measured at the top of the cryostat is shown in fig 1b. Here we see that a hold time of nearly 20µ s is needed to achieve good discrimination between switching and non-switching events. The switching is due entirely to the leading switch pulse, which is only 100ns in durations. We have measured the switching probability as a function of the pulse amplitude for various switch pulse durations, at different temperatures and critical currents We have compared identical SQUID junctions with different shunting capacitance and cold bias resistor schemes. Figure  2 shows the width of the switching probability distribution, normalized to the pulse amplitude at 50% switching, plotted versus the pulse duration. The magnetic field was adjusted so that the calculated value of the critical current was only 29nA. We see that for a 100ns pulse it is possible to measure a distribution width of only 9%. 
